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The present invention relates to a catalyst composition 
consisting of o«ide complexes of vanadium. molybdenum and eopper 
Plus an additional metal oxide selected fro. the group consisting 
of antimony ana germanium or mixtures thereof. The9e catalyst8 
are especially useful for producing acrylic acid from acrolein 
and for producing methacrylic acid from methacrolein. 
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BACKGROUND OF THE INVENTION 

Catalyst compositions similar to those of the invention 
are disclosed in Belgian Patent No. 773,851 which discloses 
catalysts of the composition molybdenum, vanadium, tungsten and 
antimony and one or more of the oxides of lead, silver, tin, 
titanium, copper and bismuth. U. S. Patent No. 3,736,354 discloses 
the catalyst compositions containing the oxides of vanadium, molyb- 
denum and germanium and the oxides of vanadium, molybdenum and 
copper. German Patent No. 2,414,797 discloses a catalyst for the 
.0 production of acrylic and methacrylic acids from acrolein or meth- 
acrolein which contains the metal oxides of molybdenum,, vanadium, 
copper and at least one element of the group of iron, cobalt, 
nickel and magnesium. U. S. Patent No. 3,725,472 discloses a 
catalyst for the oxidation ^unsaturated carbonylic compounds to 
the corresponding unsaturated acids employing a catalyst contain- 
ing the oxides of molybdenum, vanadium and antimony. 

None of the foregoing patents, however, disclose the 
catalyst compositions of the present invention wherein unexpectedly 
high yields of unsaturated carboxylic acids are obtained from the 
20 corresponding unsaturated aldehydes in the presence of these 
catalysts. 

SUMMARY OP THE INVENTION "* 

The present invention is a catalyst composition consis- 
ting of oxides or oxide complexes that contain catalytically sig- 
nificant amounts of vanadium, molybdenum and copper, plus an 
additional metal oxide wherein the additional metal may be anti- 
mony or germanium or both. These catalysts are especially effec- 
tive for preparing acrylic acid from acrolein and the preparation 
of methacrylic acid from methacrolein. The catalysts are also 
30 highly effective for oxidation reactions such as the oxidation of 
butadiene to maleic anhydride and the oxidation of the butenes and 
the aromatics to various oxygenated compounds. The catalysts of 
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the present invention are highly reactive and are capable of 
very selectively oxidizing acrolein to acrylic acid with little 
acetic acid being formed. 

The method of preparation of these catalysts is not 
deemed critical. Normally, the catalysts of the invention are 
prepared by mixing the catalyst ingredients ^.n the proper propor- 
tions in an aqueous mixture, drying the resulting aqueous slurry 
with or without a reducing agent and calcining the product. The 
ingredients employed in the preparation of the catalysts can be 
the oxides, halides, nitrates, acetates or other salts of the ' 
particular compound added, and particularly preferred is the use 
of water soluble salts of the metal components. If a support is 
used, the material comprising the support may be incorporated 
into the catalyst along with the other ingredients or the cata- 
lytic ingredient may be coated on an inert core. After the cata- 
lyst ingredients have been combined to form an aqueous slurry, : 
the slurry is evaporated to dryness, and the dried solid obtained 
is heated in the presence of air at temperatures between about 
200° and 600°C. This calcination can take place outside of the 
20 catalytic: reactor or an in situ activation., could be utilized. 

More specifically, the catalysts of the invention are 
described by the following empirical formula; 

a d c a e 

wherein X is a member selected from the group consisting of anti- 
mony and germanium or both, 
and wherein 

a is 6 to about 18 

b, c and d each are about 0.1 to about 6; and e is 
the number of oxygens required to satisfy the valance 
requirements of the other elements present. 
In addition to the active catalytic ingredients the 
catalysts of the invention may contain a support material. 
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Suitable support materials include silica, alumina, zircpnia, 
titania, silicon carbide, boron phosphate and the like. A pre- 
ferred support material is Alundum. Also contemplated in this : . 
invention is the incorporation of metal oxide promoters in. the 
catalyst compositions to further enhance their activity. . 

As noted above, the catalysts of the invention are use- 
ful in a number of different oxidation reactions. Preferred 
among these reactions is the production of unsaturated acids from 
the corresponding unsaturated aldehydes. In such a process, 4 
acrylic acid or methacrylic acid is produced by reaction acrolein 
or methacrolein with molecular oxygen in the presence of steam at 
a temperature of about 200° to about 500°C. Of special interest , 
is the preparation of acrylic acid from acrolein because of the 
extremely desirable results obtained. 

The oxidation of unsaturated aldehydes to obtain the 
corresponding acid is well known in the art. Basically, the 
invention, with respect to the process, is the use of the new *" 
catalyst within the parameters of the known art process. 

The known process involves the contacting of the un- 
saturated aldehyde with molecular oxygen in the presence of | 
steam at a temperature of about 200° to about 500°C. The ratio | 
of the reactants may vary widely with molar ratios of molecular . 
oxygen to aldehyde of about 0.5 to about 5 moles normally being | 
employed. Molecular oxygen is most conveniently added as air. | 
The amount of steam may vary widely from the small amount, gener- | 
ated in the reaction to 20 or more moles of steam per mole of § 
aldehyde. In the preferred practice of the invention, about 1 | 
to about 10 moles of steam are added to the reactant feed. 

The reaction may be conducted in a fixed- or fluid-bed 
30 reactor using atmospheric, superatmospheric or subatmospheric 

pressure. The apparent contact time may. vary considerably with J 
contact times of a fraction of a second to 20 seconds or more \ 
normally being employed. 
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Specific Embodiments ' — >^ C v 
Comparati ve Examples" A -P a n d' Example's T &v 2 

The catalysts of the invention were prepared and com- 
pared to the known catalyst compositions of U. S. Patent No. 
3,736,354 (Examples A & B) , u. s. Patent No. 3,725,472 (Example C) 
and German Patent No. 2,414,797 (Example D) for the reaction of 
the oxidation of acrolein to acrylic acid. 

The catalysts of the comparative examples were prepared 
as follows . 

Comparative Example A 

To 250 cc of hot distilled water was added 6.88 g of 
ammonium metavanadate. After approximately 15 minutes of heating 
and stirring, the reagent was dissolved and 41.54 g of ammonium 
heptamolybdate was added to the solution. The ammonium hepta- 
molybdate and 1.96 g of cupric acetate which was added subse- 
quently, dissolved almost immediately. The solution was evapor- 
ated to near dryness with continual stirring and the catalyst was 
then placed in a drying oven at 110°-120°C for 16 hours. The 
dried material was crushed and ground through a 50 mesh screen. 
A sufficient amount of catalyst was employed to coat 3/16" 
spheres to achieve a twenty weight percent coating on the spheres . 
The coated spheres were then dried at 110°~120°c for three hours' 
and then activated by heat treating at 370°c for two hours. 

Comparative Example B 

MO l^ V 3^ 0 45.4 

The procedure of comparative Example A was repeated 
with the exception that 6.67 g of ammonium metavanadate and ... 
40.27 g of ammonium heptamolybdate were used, and 1.99 g of 
germanium dioxide was employed in place of the copper acetate. 
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Comparative Example C 

MQ 12 V 3 Sb Q 45,0 

The procedure of Comparative Example A was repeated 

using 6.54 g of ammonium metavanadate and 39.50 g of ammonium 
heptamolybdate, and 2.71 g antimony oxide (Sfc> 2 0 3 ) was employed 
in place of the copper acetate. 

Comparative Example D 

Mo r2 V 3 .Cu 0: >5 Ni Q. 45 . s 

The procedure of Comparative Example A was repeated 
10 . using 6.61 g of ammonium metavanadate, 39.93 g of ammonium hepta- 
molybdate, 1.88 g of cupric acetate and 5.47 g of nickel nitrate 
hexahydrate, these ingredients being added to the aqueous solution 

in that order. 

The preparation of the catalysts in the Examples re- 
presentative of the invention are given below. 

EXAMFLK 1 

^12^3^0.5^^6.0 

- To 250.vcc of hot 'distilled water was added 6 .55 g of 
20 ammonium • iiiet>avanadate .' -Af ter approximately 15 min of : heading and 
stirring, the.. reagent was dissolved arid 39. 52 g. of ammoniiam hepta- 
molybdate; wasv a4ded : to" the solution. The - ammonium hepitawolybdate 
and 1.86 g of cupric acetate which was added subsequently dis- 
solved almost immediately. 1.95 g of germanium dioxide (Ge0 2 ) 
was added and the solution was evaporated to near dryness with 
continual stirring. The catalyst was then placed in a drying 
oven for 16 hours at 110 o -120°C and the dried material was crushed 
and ground to pass through a 50 mesh screen. A sufficient amount 
of catalyst was employed to coat 3/16" spheres of Alundum to |: 
30 achieve a twenty weight percent coating on the spheres. The 

coated spheres were then dried at 110°-120°C for three hours and 
then activated by heat treating at 370°C for two hours. 
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EXAMPLE 2 



irws mm.p^B com 



M °T2 V 3 Cu 0v5 SbO 46.5 



The procedure of Example 1 was repea/ted using 6.38 g of 
ammonium metavanadate , 38.49 g of ammonium heptamolybdate and 
1.81 g of cupric acetate, followed by the addition of 2.64 g of 
antimony oxide (St> 2 0 3 ) in place of germanium dioxide. 

The catalysts prepared above were placed in a fixed bed 

reactor constructed of a 1.0 cm. inside diameter stainless steel 

tube having a reaction zone of 20 cc. capacity. The reactor 

*?as heated in a split block furnace. The reactor was fed with .a 

mixture of acroleih/air/N 2 /steam in the molar ratio of 1/8.5/2.5/6 

The apparent contact time was 2 seconds. The temperature of the 

surrounding block is given in Table 1. The results are also 

given in Table 1 using the following definitions: 

. Moles of product r ecovered x 100 
Single Pass Yield, % Moles of acrolein fed '' 



Conversion, % . 
Selectivity, % 



= Moles of acrolein reacted x 100 
Moles of acrolein fed " ~ 

= Moles of acrylic acid recovered x 100 
Moles of acrolein reacted ! 
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The embodiments of the invention in which an exclusive property 

or privilege is claimed are defined as follows: 

1 * A catalyst composition having the empirical formula: 

Mo^V,Cu X,C> 
a d c a e 

wherein X is a metal selected from the group consisting 
of antimony and germanium or both, and wherein 
a is a number from 6 to about 18; 
b, c and d each are about 0.1 to about 6; and 
e is the number of oxygens required to satisfy the 
valance requirements of the other metals present. 

2 - T he catalyst in Claim 1 wherein X is antimony. 

3 - Th © catalyst in claim 1 wherein X is germanium. 

4 - The catalyst in. Claim 1 wherein X is antimony and 
germanium. 

5 * The process for the production of acrylic acid or 

methacrylic acid from acrolein or methacrolein with molecular; 
oxygen in the presence of steam at a temperature of about 200° 
to about 500°C. employing the catalyst of claim 1. 
6 - T^ process of Claim 5 wherein acrylic acid is prepared 

from acrolein * 

7 « The process ixi Claim 5 wherein the catalyst is that 

of Claim 2. 

8 - The process in Claim 5 wherein the catalyst is that 

of Claim 3. 

9* The process in Claim 5 wherein the catalyst is that 

of Claim 4. 
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